INTRODUCTION
The unique properties of biosurfactants allow their use and possible replacement of chemically synthesized surfactants in a great number of industrial operations. Surfactants are used by many industries and one could easily say that there is almost no modern industrial operation where properties of surfaces and surface active agents are not exploited. The potential application of biosurfactants in industries is also a reality.
There are many advantages of biosurfactants as compared to their chemically synthesized counterparts. Some of those are: Biodegradability. Generally low toxicity. Biocompatability and digestibility, which allows their application in cosmetics, pharmaceuticals and as functional food additives. Availability of raw materials. Biosurfactants can be produced from cheap raw materials which are available in large quantities. The carbon source may come from hydrocarbons, carbohydrates and/or lipids, which may be used separately or in combination with each other. Acceptable production economics. Depending,on the application, biosurfactants can also be produced from industrial wastes and byproducts and this is of particular interest for bulk production (e.g. for use in petroleum related technologies). Use in environmental control. Biosurfactants can be efficiently used in handling industrial emulsions, control of oil spills, biodegradation and detoxification of industrial effluents and in bioremediation of contaminated soil. Specificity. Biosurfactants, being complex organic molecules with specific functional groups, are often specific in their action. This would be of particular interest in detoxification of specific pollutants, de-emulsification of industrial emulsions, specific cosmetic, pharmaceutical and food applications.
Concerning disadvantages, one of the problems is related to large scale and cheap production of biosurfactants. Large quantities are particularly needed in petroleum and environmental applications, which, due to the bulk use, may be expensive. To overcome this problem, processes should be coupled to utilization of waste substrates combating at the same time their polluting effect, which balances the overall costs.
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Another problem may be encountered in obtaining pure substances which is of particular importance in pharmaceutical, food and cosmetic applications. Downstream processing of diluted broths may be quite involved requiring multiple consecutive steps. Therefore, high yields and biosurfactant concentrations in bioreactors are essential for their facilitated recovery and purification.
Most of the biosurfactants are high molecular weight lipid complexes which are normally produced under highly aerobic conditions. This is achievable in their ex-situ production in aerated bioreactors. When their large scale application in petroleum and soil is encountered, their in-situ production (and action) would be advantageous. Low oxygen availability under these conditions requires maintenance of anaerobic microorganisms and their anaerobic synthesis of biosurfactants, whereby other conditions for microbial growth are also most unfavourable (e.g. mixing, availability of substrate, mass transfer, availability of trace nutrients, etc.). Screening for anaerobic biosurfactant producers is for these conditions of great importance'.
In terms of their structure, biosurfactants are -Hydroxylated and cross-linked fatty acids -Pol ysaccharide-lipid complexes.
-Gl ycolipids -Lipopro tein-lipopeptides -Phospholipids -Complete cell surfaces.
They are produced by various microorganisms as shown in Table 1 , and being predominantly lipids, their biosynthesis is promoted when nitrogen becomes deficient in the medium. If industrial and/or municipal wastewaters, which contain organic pollutants could be utilized as substrates for biosurfactant production, a double benefit would be obtained: The polluted waters would be treated and a valuable product would result. This approach reduces the cost for wastewater treatment with even a potential of generating a profit through the sale of the biosurfactant.
Having the above considerations in mind we have developed two strategies for such approach3.
Torulopsis bombicola was chosen as a model organism for biosynthesis of sophorose lipids, which are of interest in cosmetics and other industries. This yeast can give a high concentration of 67 g/L of sophorose lipid with a yield of 0.347 g/g substrate4. In our most recent experiments (poster at this conference) a yield of 137 g/L sophorose lipids was obtained. Both sugar and vegetable oil are required for maximum yields.
Using inexpensive and commercially available substrates (molasses + soybean oil) it was calculated3 that the substrates alone would place the biosurfactant production cost at about Can. $ 1.00 kg and total production cost at about Can.$ 3.00/kg. The price of commercial surfactants of the non-ionic alcohol ethoxylate and alkylphenoletoxylate types for use in EOR has been estimated to Can. $ 1.4 -1.6/kg.
This clearly shows that, when molasses as the substrate is used, the biosurfactant becomes more expensive than the chemically synthesized surfactant. However, the sophorose lipids use in cosmetics may be advantageous as compared to the use of the synthetic surfactant, for the same cosmetic application. The mentioned multiorganism strategy was used to reduce these production costs. As illustrated in Figure 1 , the substrate is "waste" glucose which may come from food processing, agriculture or from a variety of industrial operations (e.g. rice hull hydrolysate, starch waste liquors, whey, domestic waste, potato processing waste, waste liquor from instant rice production, waste sulfite liquor, etc.). In this approach an appropriate lipogenic bacterium or yeast (see Table 2 for some possible microorganisms) and the appropriate lipogenic algae (Chlorella or other) are cocultured to produce microbial single cell oil in the form of triglyceride. The microbial triglycerides and the same sugar are used by T. bombicola to produce the glycolipid. An approximate material balance shows that this process would produce a 600% increase in biosurfactant yield from sugar alone compared with a single organism strategy which produces only 0.032 g biosurfactant/g sugar. By another strategy, municipal waste sludge could be used as substrate in an anaerobic treatment process, followed by partial hydrolysis of anaerobic sludge on which lipogenic microbes could be grown. Several advantages of this approach are:
Process if relatively simple.
Torulopsis biomass from biosurfactant production can be recycled to the front end of the entire process for treatment, or it can be separated from the medium and sold as yeast-rich feed supplement. Thus, five final products are obtained:
Only one feedstock is used. Biosurfactant can be produced at the waste treatment site. The feedstock (activated sludge from conventional wastewater treatment) is already centrally collected and anaerobic digester may already be in place.
There is a cost credit for environmental benefit. The feedstock is available year-around. Energy requirements can be met by the production of methane (anaerobic digestion).
-biosurfactant (sophorose lipids) -treated water -low grade biomass -biogas (70-80% methane)
-high grade biomass (yeast) (anaerobic sludge)
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N. KOSARIC BIOSURFACTANTS I N PETROLEUM PROCESSING INDUSTRIES
Most of the interest in use of biosurfactants in petroleum related industries is for Enhanced Oil Recovery (EOR). For this utilization, biosurfactants can be used extra siturn-' and in situ6. In both cases, biosurfactants are applied (as a replacement or addition to synthetic surfactants) to enhance oil recovery from the ground, which by primary pumping methods is possible only to about 30% recovery from the reservoir. The presence of surfactant (or biosurfactant!) lowers the surface and interfacial tensions of the oil in the reservoir, which facilitates oil flow and penetration through pores in the reservoir during water, steam or fire flooding recovery operations, as practices in EOR (or Microbial EOR, MEOR). For production of the biosurfactant (extra situm), the selected culture is grown in bioreactors, the biosurfactant recovered or simply concentrated in the broth and then pumped into the reservoir. This external production of the biosurfactant must be in large quantity, under optimum fermentation conditions, supplying sufficient aeration to the culture in the bioreactor. Use of cheap and waste substrates for this application would be particularly advantageous. A logical and more attractive approach is to produce the biosurfactant in the reservoir itself (in situ) by providing nutrients to indigenous microbial population in the reservoir or to a seed culture which is produced extra situm, mixed with the medium and pumped into the well. However, microorganisms introduced in this way into the reservoir are subjected to a number of stresses which may affect their growth or even inhibit both growth and biosurfactant production. Temperatures in the reservoir may be too high and the effect of pressure on microbes placed there is also not well understood. Macrobial growth and biosurfactant production are also affected by pH, salinity, heavy metals which also may considerably differ from those for optimum biosurfactant production. One of the major difficulties in maintaining microbial growth and thus biosurfactant production in the reservoir is the lack of oxygen and proper mixing in the reservoir to ensure good mass transfer and nutrient metabolism by the organisms. Als0,biosurfactants produced in situ must exert their action at the targeted sites, which cannot be easily controlled. Some crude oil in the reservoir could also be metabolized. However, oxygen is needed for metabolism of hydrocarbons and aeration downhole is anathema to oil producers who go to great lengths to deoxygenate injection fluids. Oxygen would also cause corrosion of metal work and degrade the product in situ turning a light high-value oil into heavy lower grade oil which would be even more difficult to extract by water flooding. A problem may also arise if biomass starts blocking some pores in the reservoir. If this could be controlled some preferential plugging and thus directing the flood would even be beneficial. A further drawback when MEOR is practised, is that the water flood can no longer be treated with chlorine or organic biosides. Thus at long MEOR, the continuing water flood would carry non-biosurfactant producing bacteria into the reservoir, which if conditions prevail could result in secondary population which would compete with the substrate for biosurfactant producers. Besides, all the above difficulties of in situ MEOR, the amount of oil left in the reservoir after secondary recovery methods have been tried, represents an enormous amount of oil (60-70% of original) for extraction, and further efforts in MEOR are challenging.
MICROBIAL DEEMULSIFICATION
Another biosurfactant property of microbial cells is destabilization of oil-in-water and water-in-oil emulsions. In an attempt to break such industrial emulsions generated in EOR (W/O)and in processing of tar sands (O/W), specific bacterial cells were utilized7. It was shown that bacterial cell surfaces can enhance deemulsification of simple model emulsions (kerosene/water) as well as complex field emulsions obtained in EOR. Some results are presented in Figure 2 . The W/O emulsions were easier broken when bacteria (e.g. Nocardia amarae) harvested at early stage of growth (day 1) were used. Oilin-water (O/W) emulsions, on a contrary, were efficiently broken with "old" cells, i.e. those harvested at later stage of growth. It is also interesting to note that this deemulsification activity was difficult to destroy (by various drastic chemical treatments) and that the activity of these cells was not lost even after autoclaving the cells at 120°C for 30 minutes, i.e. dead cells retained their activity which is an important factor for their industrial application. 
C o n t a c t Time (hours)
Various factors may be involved in the deemulsification process as shown in Table 3 . By measuring the cell contact angle to hydrocarbon droplets, the hydrophobicity (increased contact angle) of the cells can be quantified.
There is a large variety of cell wall components which could contribute to cell surface hydrophobicity. 
A P P L I C A T I O N S OF SURFACTANTS I N C O S M E T I C S S u r f a c t a n t s f u n c t i o n a s :
e m u l s i f i e r s , foaming a g e n t s , s o l u b i l i z e r s , wetting a g e n t s , c l e a n s e r s , antimicrobial a g e n t , m e d i a t o r s o f e n z y m e action
Forms o f c o s m e t i c s :
c r e a m s , lotions, l i q u i d s , pastes, powders, s t i c k s , g e l s , films, s p r a y s
C o s m e t i c p r o d u c t s u s i n g s u r f a c t a n t s :
insect r e p e l l e n t s , a n t a c i d s , bath p r o d u c t s , a c n e p a d s , antid a n d r u f f p r o d u c t s , c o n t a c t l e n s s o l u t i o n , hair c o l o u r s and c a r e p r o d u c t s , d e o d o r a n t s , nail c a r e , body massage a c c e s s o r i e s , lipsticks, l i p m a k e r s , e y e s h a d e s , mascaras, s o a p , tooth pastes and p o l i s h e s , d e n t u r e c l e a n s e r s , a d h e s i v e s , a n t i p e r s p i r a n t s , 
BIOSURFACTANTS FOR COSMETIC A N D FOOD APPLICATIONS
There is restricted data available for use of biosurfactants in cosmetic and food applications.
Many biosurfactant properties such as emulsification and de-emulsification, foaming, water binding capacity, spreading and wetting properties effect on viscosity and on product consistency, can efficiently be utilized by the above industries.
Emulsifiers are important additives to many food as well as cosmetic preparations. Some properties of food surfactants are listed in Table 4 . Application of surfactants in cosmetics is shown in Table 5 .
